a bus; it would then last for about a day. There is usually no history of the knee locking. On examination there is, in the case of the external cartilage, a smooth tense swelling on the outer side of the joint just in front of the external lateral ligament of the knee. It is situated exactly on the joint-level and may be of any size up to that of a walnut. It is tender on pressure, and in some cases pain is caused by abducting the tibia on the femur, thus compressing the somewhat enlarged cartilage. In many cases the movements at the joint are full, though in others the last few degrees of flexion and extension are limited. In most cases the patient has noticed the swelling as a painful point, while in others he suffers pain without localizing it; it is in the latter case that the correct diagnosis may be overlooked if a careful examination is not made.
The treatment of cysts of the semilunar cartilages is removal not only of the cyst or cysts, but also of the major portion of the semilunar cartilage from which they arise. Failure to remove the cartilage is liable to lead to recurrence of the cysts. A satisfactory removal gives excellent results, with complete freedom from pain and a return to normal function.
The Diagnostic and Therapeutic Uses of Thorium Dioxide By A. E. PORRITT, M.Ch.
So accustomed has one become to accept recent advances in radiological technique as a most valuable means of assisting clinical diagnosis, that perhaps it is often not fully appreciated to what an extent it has now, in a relatively brief space of time, become possible to visualize practically all the principal organs and systems of the living body. In this short communication I wish to put before you a few facts concerning the latest method at our disposal, which makes possible the visualization of various organs and tissues heretofore beyond the scope of X-ray diagnosis.
In 1929 Oka discovered by chance that injection of a thorium solution into animals led to the production of subsequent X-ray shadows, chiefly of the liver and spleen. Paul Radt [1] , in 1930, developed this finding and proved that thorium was taken up from the blood-stream by all the cells of the reticulo-endothelial system; and, that where these were concentrated in sufficient numbers-that is especially in the liver and spleen-it was possible, owing to the radio-opaque properties of the thorium, to visualize these organs.
Properties.-Radt evolved, for intravenous injection, a non-toxic substance known as " thorotrast," which is a stabilized 25% colloidal solution of thorium dioxide, diluted 1 in 10 with 5% glucose. It is an oily, opalescent, odourless liquid, easily miscible with all body fluids. Hence, apart from its use under discussion this evening, it is an excellent contrast-medium in practically any radiological sphere, being less toxic and more opaque than iodine. It has thus been used to advantage in radiography of the nervous [2] , genito-urinary [31, and respiratory systems, of sinuses and fistule, and in arteriography [4] . It is made by the firm of Heyden, and is obtainable from all the chief chemical firms in this country.
Injected into the blood-stream, it flocculates in about five minutes, and the minute fiocculi are absorbed by the reticulo-endothelial system. In animals this allows visualizations, in varying degrees, of the liver, spleen, bone-marrow, adrenal cortex, lymph-glands, placenta, and ovary; kidney and lung shadows are also visible if these two organs are in any way diseased. Thorotrast is not picked up by the testis, or by malignant cells [51.
In man, to date, it has only been possible to obtain shadows of the liver and the spleen-hence the new term "hepatolienography." It is of interest to note that, while in animals the splenic shadow is predominant, in man the liver is definitely more distinct, the splenic shadow taking considerably longer to develop to anything like the same extent. The internal structure of the organs is not shown by this method, but it is possible, by using small dosage, to demonstrate outlines.
Technique.-Thorotrast is put up in 25 c.c. ampoules. Before use it should be warmed to body temperature, and the intravenous injection should be given very slowly; at least five minutes should be spent in giving the 25 c.c. This amount is approximately the maximum dose to be given at one time, and in itself will often be sufficient to produce a simple outline radiogram. To obtain the full shadow about 70 c.c. to 80 c.c. are required for an average adult, i.e. two further injections of 25 c.c. are given-in Germany, on consecutive days, in Canada and America usually with a two-day interval between doses, and in the two personal cases quoted later, with one-day intermissions. Even this dosage represents only 0-8 c.c. per kilo of body-weight, and 5 c.c. per kilo have been given to rabbits without ill-effect [5] .
Films can, if required, be taken at any time after twelve hours from the injection, but the routine is from twenty-four to forty-eight hours after the last injection. The Potter-Bucky diaphragm is used. A high enema previous to the taking of the films is adopted as a routine measure in many clinics.
. After-effects.-In most cases there are no immediate after-effects, though transient headaches, slight pyrexia, nausea, vomiting, and diarrhoea have all been reported in isolated instances. No change has been discovered in either blood or urine, and to the best of my knowledge no fatality has been reported. Actually, the effects of thorotrast injection would seem remarkably slight. Deliberate overdosage in animals produces a clinical picture resembling that of purpura hamorrhagica.
The question of the later effects of this method is much more controversial, and centres in the fact that thorium is excreted extremely slowly. There seems a general agreement that in animals non-toxic doses produce no histopathological changes [6, 71 , and that the thorium is excreted to some extent within a month, and to a considerable extent within six months. Dickson, Macdonald and Irwin, of Toronto [5] , report their thorium animals fit and well at the end of a year after injection, and adduce evidence to prove definite excretion (particularly from liver and adrenal), via the lungs. The residualthorium particles appear to remain within the reticulo-endothelial cells concerned, as inert bodies, and no nuclear or protoplasmic damage has been detected microscopically.
Unfortunately in man, thorium cannot be so definitely acquitted of pathological effects. These may be briefly summarized as an early cloudy swelling in the organs concerned, followed later by a " foreign-body fibrosis." This conclusion was reached by Whitaker, Davis, and Murgatroyd [8] of the Royal Infirmary, Liverpool, though it is only fair to say that the German, American and Canadian schools are not in total agreement with it. However, as these deleterious effects appear to occur chiefly in toxic or cachectic patients, i.e. the very class in which such investigation is likely to be most frequently required, the method has, for the time being, in this country, been advocated for two types of patient only: (1) Those with obviously inoperable neoplasms (2) those in whom an exact diagnosis might lead to such active treatment as would make a vital difference to the prognosis.
Thanks to the courtesy of Mr. Zachary Cope, I have had personal experience of two interesting cases of this kind:
The patient was a nurseryman, aged 43, who had lived all his life in the country and whose chief recreation had been regular cricket during the season. He was admitted to hospital in the middle of November 1932, complaining of abdominal paini first noticed three months previously. The only point of interest in his histpry previous to the onset of abdominal pain was an attack of so-called sciatica two months before. This had necessitated five weeks in bed, after which he had noticed painless swelling of the ankles. A fortnight before admission he observed unusual veins on his abdomen.
On examination these veins were very obvious, running laterally from thorax to groins. There was definite epigastric fulness, and abdominal respiration was limited. Palpation revealed a large epigastric mass, deep to the anterior abdominal wall, firm, sufficiently mobile to appear to move with respiration, not tender, and having no definite upper border. Percussion over this mass gave a dull note continuous with that of the liver. A provisional diagnosis of carcinoma of the stomach with liver secondaries was made, and a barium meal was given. The report on this was that the stomach was displaced to the left, that the emptying time was delayed and that the pyloric shadows were deformed, suggesting a non-gastric origin for the tumour (figs. 1 and 2, p. 37).
The question now was whether the mass was hepatic or not, and a thorotrast examination was decided upon. Three doses of 25 c.c. of thorotrast, warmed to body temperature, were injected intravenously, leaving one day between doses. Skiagrams were taken at intervals after injection, one of which is shown herewith ( fig. 3) .
Deep X-ray therapy was instituted immediately after this examination (December 20) and treatments given on four further occasions by the end of the month. The patient was discharged on January 10, 1933, the abdominal mass by then being hardly palpable ( fig. 4 ). It seems reasonable to suppose that this somewhat remarkable result was due to the fact that the mass-presumably a retroperitoneal sarcoma-being almost surrounded by a thoriumfilled liver, was exposed to an intensified radiation, thanks to the intrinsic radio-active properties of thorium. The subsequent history of this case was as follows: iReadmitted February 1933, for a further course of deep X-ray therapy. Abdominal tumour impalpable. March 1988, hard, freely m-obile mass of left supraclavicular glands appeared. Deep X-ray therapy was applied to these and to the abdomen.
In May and July 1938. Further X-ray therapy was applied, resulting in temporary diminution in the supraclavicular mass. Nothing was palpable in the abdomen.
The patient-unfortunately, from a scientific point of view-died in his own home in September 1933, and his local doctor reported that after an entire disappearance of the cervical glands, he rapidly went downhill and that towards the end his symptoms suggested mediastinal secondaries.
(II) The patient, a man now aged 56, was a historical case before he received thorotrast. His history was written up by Mr. Cope and Dr. W. D. Newcomb in the British Journal of Urology [9]. Briefly, it was that in 1920 (when aged 40) he was operated on for acute intestinal obstruction. Laparotomy discovered free fluid in the abdomen and a ring growth round the lower end of the ileum, there being m-ultiple nodular small pelvic masses as well.
The diagnosis being an inoperable neoplasm of the ileum. an ileo-transverse colostomy was performed. The patient did not progress favourably after the operation, but a course of selenium seemed to turn the tide in his favour. He gained 3 st. in weight in eighteen months and was then lost sight of, to reappear unexpectedly in 1928 at another hospital under Mr. Zachary Cope. He now had a testicular nodule, very suggestive of tuberculosis, and the original diagnosis was correspondingly altered. An orchidectomy was performed and a section of this (as well as of a pelvic nodule, one of the many still found to be present) showed a typical argentaffin tumour. Recovering satisfactorily from this second operation, the patient again became untraceable, only to reappear at a third hospital in April 1933 but once more under Mr. Cope's care. He now complained of a lump in the abdomen and on examination a large nodular fixed mass was found in the right iliac fossa and a still larger smooth tumour in the left epigastrium and hypochondrium. The question again arose as to whether this second swelling was hepatic or not-and if so, whether the enlargement was due to secondaries. A thorotrast examination was carried out, using exactly the same technique as in the previous case, and again not the slightest ill-effect was produced ( fig. 5, p. 39) .
Deep X-ray therapy was once more decided upon and repeated in August 1933. When last seen in December the patient's general condition was not quite so good, and he complained of anorexia and loss of weight. The ileo-c8ecal mass was, if anything, larger, but the liver appreciably smaller than before thorotrast was given, though still obviously palpable. He is to have further treatment this month.
Conclusion.-Even the somewhat meagre evidence of these two cases seems to show that there is a most useful, though at present limited, field for this form of investigation. Until further clinical and post-mortem evidence is forthcoming as to the ultimate effects of the residual thorium in man, over considerably longer periods of time than have been reported to date, the method must of necessity be used sparingly. But in a case of necessity one has here a means of diagnosing hepatic and splenic lesions hitherto beyond the scope of investigation.
Apart from the value of being able to avoid unnecessary laparotomies in cases of malignant liver " secondaries," it has been possible to diagnose cysts, abscesses, hbemangiomata and cirrhosis of the liver, and infarcts, cysts, neoplasms and arterial thrombosis of the spleen.
Incidentally, it may be mentioned that useful and interesting physiological researches into the size and movements of the liver and spleen have also been made available by this method. Contra-indications.-The immediate contra-indications-except perhaps marked hepatic and renal insufficiency (Kadrnka) [6] and its use in children-are extremely few; but if the ultimate effect is to be fibrosis of the reticulo-endothelial system with, as has been suggested, a subsequent " loss of phagocytic activity and inhibition of antibody formation," [8] the limitations of hepatolienography become very definite.
Radio-activity.-Finally, with regard to the radio-active properties of thorium: Despite the fact that most authorities [5, 6] on the subject agree that any action due to these is practically negligible, I cannot help feeling that in Case I, the effects of deep X-ray therapy on a mass almost surrounded by a thorium-impregnated liver, were enhanced to a very remarkable extent. Whilst this suggests possibilities in thorium therapy in selected cases, does it not also indicate that, in view of the almost permanent retention of thorium, its radio-active properties may have a definite effect over a long period on the tissues concerned ? This viewpoint is strongly held by J6rg and Aguirre [101 who describe so-called " radio-active irritant " changes in six-month animals.
This problem, like several others connected with the method, can only be solved by further clinical and experimental research, and one is bold enough to hope that the discussion of these two cases may do a little towards stimulating such work, on a subject, which, though doubtless controversial, is of considerable interest and practical utility.
[I wish to express my keenest appreciation of their helpful reports and comments on cases and films to Dr. Courtney Gage and Dr. E. R. Williams.]
